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FLES: First Level Event Selection in CBM

@)

(2) Detection

* Future fixed-target heavy-ion experiment at FAIR

* Explore the phase diagram at high net-baryon densities

107 Au+Au collisions/sec

~ 1000 charged particles/collision |

* Non-homogeneous magnetic field

Double-sided strip detectors |

* 4D reconstruction of time slices. |
I
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KF Particle Finder
~
Physics Analysis

The full event reconstruction will be done
on-line at the First-Level Event Selection (FLES) and
off-line using the same FLES reconstruction package.

* Cellular Automaton (CA) Track Finder \| Event Selection
 Kalman Filter (KF) Track Fitter

; ) . '
* KF short-lived Particle Finder ( Monte-Carlo )_»( Output )_»
+

All reconstruction algorithms are vectorized and parallelized.




ANN4FLES : Artificial Neural Networks for FLES
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» ANN4FLES is a fast C++ package designed for use of Artificial Neural Networks (ANN) in the CBM experiment.
» The package includes a Graphical User Interface (GUI) for network selection and hyperparameter adjustment.
* Implemented networks in ANN4FLES include:
» Multilayer Perceptron (MLP),
+ Convolutional Neural Network (CNN),
» Recurrent Neural Networks (RNN),
» Graph Neural Networks (GNN), and
+ Bayesian Neural Network (BNN).
» Extensive testing on datasets like MNIST, CIFAR, Cora, etc., has been performed and compared with PyTorch.



Cellular Automaton (CA) Track Finder
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Fast and efficient track finder
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Time-based (4D) Track Reconstruction

V. Akishina
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Efficiency, % 3D 4D

All tracks 83.8 83.0
Primary high-p 96.1 92.8
Primary low-p 79.8 83.1
Secondary high-p 76.6 73.2
Secondary low-p 40.9 36.8
Clone level 04 1.7
Ghost level 0.1 0.3

Time/event/core, ms (8.2

t
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The beam in the CBM will have no bunch structure, but continuous.
Measurements in this case will be 4D (x, y, z, t).

Significant overlapping of events in the detector system.
Reconstruction of time slices rather than events is needed.

Total CA time = 84 ms

Speed-up factor due to parallelization within the time-slice |
g. 12
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Total CA time = 849 ms 100 mbias events in a time-slice

3D reconstruction time 8.2 ms/event is recovered in 4D case



V. Akishina

Hits at high input rates

4D Event Building at 10 MHz
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Ivan Kisel

Reconstructed tracks clearly represent groups, which correspond to the original events
CPOD-2024 Workshop, Berkeley, 23.05.2024 6/17




KF Particle Finder for Online Analysis and Selection

M. Zyzak, P. Kisel
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KF Particle Finder for Online Analysis and Selection

M. Zyzak, P. Kisel
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ANN based Particle Competition in the KF Particle Finder

M. Zyzak, A. Banerjee, R. Lakos

Charged particles: e*, p*, nt, K*, p*, d*, 3He*, “He*
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ig. 2: Structure of the Multi Layer Perceptron (MLP) used, showing the neurons
ircles connected by the synapses having their corresponding weights and biases.
utput is 0 or 1 depending on which candidate is predicted to be the parent particle.
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A Multilayer Perceptron is used to solve the particle competition task in the KF Particle Finder




M. Zyzak

Ivan Kisel

Clean Probes of Collision Stages
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Study of the properties of colliding matter is possible
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CBM: Online Physics Analysis?

Online physics analysis = online extraction of medium properties in heavy-ion collisions

— - | Direct approach

Theoretical model (T, u,V, 0,...) _>l wp:—; (observable)

- Inverse approach

Motivation:
« determination of physical properties of QCD matter created in HIC (temperature, flow, phase transitions, ...),

Stages of collision Models for different stages
tt
Defector measuremeant — Final momentum spectrum (Blast-Wave, Tsallis, ...)
i Statistical-thermal models for chemical freeze-out
Free-streaming «— (ideal hadron gas, Van der Waals hadron gas, Hagedorn states, ...)
h ~ Hadron Gas ’ g — Relativistic hydrodynamics (ideal, viscous; (0+1)D, (1+1)D, (3+1)D, ...)
*v_ Hydrodynamic -*
*«_Expansion ,”
Initial\ftage & Initial stage (Glauber, CGC, ...)
/// \\\ V4
A AN
R — —

How to extract the parameters of theoretical models?



CBM: Online Physics Analysis (macroscopic)

V. Vovchenko

Database file: |D:/ THERMUS23/Database.dat

| Thermal model | Fit to experiment | Energy dependence | Contour plots

Event generator

|Load database...|

Particle list:

mu

Kos
KoL
P
pbar
10 n

11 nbar

1
2
3
4
5 K
6
7
8

©

Name PDGID Mass Multiplicity

111
211

2112
2112

Variance
0,13498 221.057 + 0.206 212.365 + 4.303 0.961 + 0.019
0,13957 189.480 + 0.199 197.434 + 3.973 1.042 4 0.021

nmmms 205,577 4.1760976 £ 0,019 |1067 +.0773/4.365 £ 6.438

0,49368 40.264 £ 0.090 40.691 +0.828 1.011 +0.021
0,49368 13.517 + 0.052 13273 +0.270 0.982 +0.020
0,49767 27011 % 0.074 27.474 +0.534 1.006 + 0.020
0,49767 26.904 £ 0.074 27.501 + 0.554 1.022 + 0.021
0,93827 133.110 + 0.163 132.409 + 2.552 0.995 + 0.019
003827 0.122 +0.005 0126+ 0.006  1.028 + 0.065
0,93956 145.135 + 0.169 142.506 + 2.925 0.982 + 0.020
0,93956 0.112 +0.005 0113+ 0.005  1.009 + 0.064

Scaled variance Skewness

Kurtosis L
1.327 + 0.815 11.309 + 39.865
0.363 4 0.771 4.900 + 36.057

0.979 % 0.363 2.927 + 7.885
0.954 + 0.209 0.963 + 2.616
0.820 % 0.279 -1.912 + 4.843
1.181 + 0.204 0.787 £ 5.221
0.990 + 0.588 -18.981 + 21.716
1.058 + 0.106 1.181 + 0.242
0.925 % 0.707 15.168 + 30.243

1.014 + 0.095 1.026 + 0.194 .

Distribution: |d2N/dydpt ~
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Calculation time = 11782 ms
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Extraction of the parameters of macroscopic theoretical models is feasible



CBM: Online Physics Analysis (microscopic)

A. Belousov, R. Lakos, A. Mithran, O. Tyagi

> time
Pre-reaction Hadronization Detection

A QGP can be formed by compressing
a large amount of energy into a small volume.

+ Direct observation of QGP is not possible.
» Rely on the produced particles as probes.
Classify events based on the reconstructed particles.
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Use of Artificial Neural Networks for selection of events with QGP
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Fully-Connected Neural Networks (FCNN)

A. Belousov, R. Lakos
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Structure of one-, two- and three-layer Fully-Connected Neural Networks used for QGP detection
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Training and validation accuracy for the FCNN networks

A Fully-Connected Neural Network (FCNN) based QGP Trigger is probably not feasible



Convolutional Neural Network (CNN)

A. Belousov, A. Mithran
CNN Performance
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Training and validation accuracy for the CNN

A Convolutional Neural Network (CNN) based QGP Trigger is probably feasible



Interpretable ANN: Shapley Additive Explanations

A. Belousov, O. Tyagi

Method based on cooperative game theory used to increase transparency and interpretability of machine learning models.

For each feature, SHAP score is determined by evaluating the average contribution of adding the feature over all possible feature
subsets defined without that feature.
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« Light particles are important for model prediction
« Anti-baryons are more important than baryons per particle

SHAP analysis reveals that ANN has learned the correct characteristics associated with QGP production




CBM: ANN based QGP Classification

A. Belousov, P. Kisel

Au+Au, 31.2 AGeV, central, 80k/20k events
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Future plans:

Improve the efficiency of reconstruction of anti-baryons in the KF Particle Finder.

Improve the efficiency of reconstruction of low-momentum particles in the CA Track Finder.

Use Large Language Models (LLMs) to account correlations between particles produced in the QGP volume.
Test on different theoretical models (PHQMD, UrQMD, ...?)

Test on real data (STAR, ...?).

abrw0d -~

Online selection of collisions with QGP is possible



